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INTRODUCTION
With growing labour force participation among women in Western countries, many women will work during their reproductive years. This will increase the likelihood that during pregnancy women will be exposed to a variety of risk factors at work that may affect pregnancy outcome and cause spontaneous abortion, stillbirth, preterm birth or low birth weight. Occupational exposure may also interact with fetal development, resulting in health effects in the offspring, such as congenital malformations and neurobehavioral disorders in childhood. 1e3 Timely recognition of the risks of hazardous agents will allow precautions to be taken to protect the reproductive health of women. For several work-related risk factors, the associations with reproductive effects are well established and have been translated into legislation, for instance providing mandatory protection for pregnant woman preparing antineoplastic drugs or exposed to lead. 4 However, the scientific evidence is less consistent for many other work-related risk factors. Several reviews have summarised the epidemiological evidence on associations between maternal occupational exposure and adverse pregnancy outcomes. Figà-Talamanca presented evidence that several chemical agents, physical factors and physical load were associated with low birth weight, preterm birth and spontaneous abortion. 2 Mozurkewich and colleagues concluded in their meta-analysis that physically demanding work was associated with preterm birth and small-for-gestational age (SGA) newborns and that prolonged standing and shift work were risk factors for preterm birth. 5 Another systematic review reported the pooled relative risks of working hours, shift work, lifting at work and prolonged standing for pre-term delivery to be between 1.20 and 1.31, indicating at best only a moderate effect size. The evidence for low birth weight was much more limited. 6 Most chemical agents associated with adverse pregnancy outcomes also seem to affect fertility as expressed by time to pregnancy (TTP). 1 What this paper adds < Associations between maternal occupational exposure and adverse pregnancy outcomes are often based on retrospective studies with potential response bias. < This prospective birth cohort study among pregnant women shows that occupational exposure, ascertained using a jobeexposure matrix, to phthalates was associated with prolonged time to pregnancy and to pesticides with decreased birth weight. < Self-reported exposure to chemical agents had very low reliability when compared with jobeexposure matrix assessment. < The population attributable fractions of phthalates and pesticides in fertility and pregnancy outcomes were small, illustrating the low prevalence of maternal occupational exposure in the general population.
Epidemiological studies have also presented contradictory findings. For example, a recent nested caseecontrol study among pregnant women in Canada concluded that certain occupational conditions, including prolonged standing and lifting loads, increased the risk of having an SGA child, 7 whereas a similar study in the USA reported that physically demanding work was not associated with preterm delivery and SGA. 8 This contradictory evidence may be partly explained by the lack of studies that address the effects of a broad range of work-related risk factors on different fertility and pregnancy outcomes.
The purpose of the current study was to investigate the influence of maternal working conditions on fertility and pregnancy outcomes in a large prospective prenatally recruited birth cohort. The specific aims of the study were (1) to analyse associations of chemical exposure and physical load with TTP, preterm birth and decreased birth weight, and (2) to estimate the impact of these associations on the occurrence of these health outcomes in the general population.
METHODS

Design and study population
The Generation R study is a population-based prospective cohort study on growth, development and health from early fetal life until young adulthood. 9 10 In total, 8880 pregnant women with a delivery date between April 2002 and January 2006 enrolled in the study with an estimated participation rate of approximately 61%. Enrolment was highest in early pregnancy (76%), lower in mid-pregnancy (21%) and lowest in late pregnancy (3%). Extensive assessments were carried out during early pregnancy (gestational age <18 weeks), mid-pregnancy (gestational age 18e25 weeks) and late pregnancy (gestational age $25 weeks), including physical examinations, questionnaires, interviews and biological samples at different stages during the pregnancy. Since Rotterdam is a city with large groups of immigrants, questionnaires were available in different languages and, when needed, interviews in the mother tongue of the main ethnic minorities could be conducted. 9 A more detailed description can be found elsewhere. 9e11 The current study focuses on the effects of maternal working conditions on fertility and pregnancy outcomes, collected primarily through the mid-pregnancy questionnaire, which was filled out by 6830 pregnant women (77% response rate). Due to incomplete or conflicting answers on work status, job description and working conditions (5.3%) and prenatal loss to follow-up until birth (0.7%), complete information was available for 6302 women (71% response rate). The study has been approved by the Medical Ethics Committee at Erasmus MC, University Medical Center Rotterdam, The Netherlands.
Time to pregnancy and pregnancy outcomes
Three outcome measures related to fertility and pregnancy were used: TTP, preterm birth and birth weight. Participants filled out a questionnaire during early pregnancy or thereafter at delayed enrolment, including a question whether the pregnancy was natural (yes/no) and, in case of a positive answer, women with a planned pregnancy were asked about the number of months it took the couple to conceive. 12 A TTP of 6 months or longer was considered a prolonged period. 13 Date of birth and birth weight were obtained from mid-wife and hospital registries. Fetal ultrasound examinations were used to establish gestational age 10 and in this study preterm birth was defined as a gestational age of less than 37 weeks at delivery.
14 A reduced birth weight was defined as a birth weight below 3000 g. 15 For reasons of comparison and because of some highly skewed distributions, all three outcome measures were defined as dichotomous variables. 17 The Dutch classification was also used to distinguish five skill levels within paid employment, reflecting the educational requirements for these occupations. 16 Working conditions focused on exposure to chemical agents and on physical load. Pregnant mothers without paid employment were considered to have no occupational exposure. The selection of exposures of interest was guided by recent reviews on the effects of occupational exposure on the reproductive system. 1 2 5 6 With respect to chemical exposure, two approaches were used: a jobeexposure matrix (JEM) and self-reported exposure. The first step in the JEM approach was to link job titles to a previously designed JEM for potential endocrine disrupting chemicals. This JEM was based on the judgement of occupational hygienists who estimated for particular jobs exposure to various categories of chemicals, five categories of which were selected (ie, pesticides, solvents, phthalates, alkylphenolic compounds and heavy metals). 18 A particular job title was assigned 'a possibility that some workers with this job title had exposure' (lenient definition) and 'the probability that a reasonable proportion of workers had exposure' (strict definition) and all workers with the same job title were regarded as similarly exposed. 19 Since this JEM was not suitable to identify relevant exposure to anaesthetics and cytostatics within or outside healthcare, the aforementioned JEM was expanded by the authors (AB) to include occupations with possible or probable exposure to anaesthetics and cytostatics as reported in the literature. 20 21 The approach with self-reported exposure was based on a checklist of chemicals that have previously been described as male reproductive toxicants, including pesticides, anaesthetics and cytostatics, heavy metals, dry cleaning fluids and solvents. 1 19 22 Subjects were asked whether they dealt with these chemicals in the direct environment of their current job. Subjects were classified as being exposed to solvents when reporting contact in their job to industrial cleaning products (degreasers). 23 The questions on physical work load were obtained from the Dutch Musculoskeletal Questionnaire and concerned manually handling loads of 5 kg or more, manually handling loads of 25 kg or more, prolonged sitting and long periods of standing. A fourpoint scale was used with the ratings 'seldom or never', 'now and then', 'often' and 'always' during a regular workday, and subjects with the answers 'often' or 'always' were classified as exposed. 24 
Occupation and working conditions
25
Potential confounders
Information on age, height, weight, education, country of origin, parity, smoking habits and alcohol use was collected from the first questionnaire available. Educational level was defined as the highest educational program successfully completed and categorised as low (primary school up to 3 years of general secondary school), mid-low (>3 years of general secondary school, intermediate vocational training), mid-high (higher vocational training, Bachelor's degree) or high (higher academic education). The country of origin assigned to foreigners (defined as someone with at least one parent born abroad) was that of the mother if both parents were born abroad, otherwise it was the country of birth of the parent that was born abroad, as defined by Statistics Netherlands. 26 Three minority groups were defined: (1) Antilleans and Surinamese, both from former overseas Dutch colonies, (2) Turks and Moroccans who share a comparable migration history and (3) all other non-native groups. Smoking was assessed during mid-pregnancy by a dichotomous question on whether the subject had smoked in the past 2 months, implying that women with a positive answer had continued smoking after the pregnancy was known. Alcohol use was assessed in a similar manner by a question on whether the subject had drunk any alcohol in the past 2 months. 27 
Statistical analysis
The agreement between self-reported exposure and the exposure classification derived from the JEM was determined by the weighted Cohen's kappa. A k value below 0.4 was considered as poor agreement, 0.4e0.6 as moderate agreement, and above 0.6 as good agreement. 28 Logistic regression analysis was used, starting with univariate associations of individual characteristics and occupational exposures as independent variables with the three dichotomous outcomes of interest: prolonged TTP, preterm birth and decreased birth weight. All independent variables were assessed directly at categorical or ordinal scale, except for the continuous variable age which was reclassified into four categories for ease of interpretation. In order to arrive at a multivariable model for each outcome, univariate risk factors with a significance level of p<0.20 were considered and retained in the final multivariable model when reaching a significance level of 0.05. For reasons of comparison, age and education were included by default, independent of their level of statistical significance, as well as individual factors of statistical significance in the univariate analyses for any of the three outcome measures. In addition, exposure variables of interest were also included in a multivariable model when this factor caused a change of 15% or more in the coefficient of other risk factors in the model. 19 Interactions of all variables were also tested for statistical significance. The 95% confidence intervals around the odds ratios were derived from the individual Wald's statistics, except for variables with cell frequencies of five or fewer in which case likelihood-based confidence intervals were used. All logistic regression analyses were performed using the procedure Logistic in SAS V.8.2 (SAS Institute).
The results from these multivariate analyses were used to estimate population attributable fractions (PAFs), expressing the proportion of adverse health outcomes in the general population that is attributable to exposure to the risk factors of interest. The PAF is a function of both the relative risk and the proportion of exposed persons in the population. 29 Given the low prevalence of the three dichotomous health outcomes of interest, odds ratios were used in the calculation of the PAFs.
RESULTS
The characteristics of the study population of pregnant women are shown in table 1. In this cohort age ranged from 15.8 to 46.3 years with a mean age of 30.2 years. The largest minorities were Turkish and Moroccan women (12%) and Surinamese and Dutch Antillean women (10%), apart from a large group of miscellaneous minorities (24%). About 72% of the women held a paid job during early pregnancy and the skill level requirements of the occupation were strongly associated with the educational level attained (p<0.001).
The question on planned pregnancy was completed by 5730 women (91%), of whom 4256 (68%) answered in the affirmative. Among these women, 3719 (87%) provided information on TTP. A prolonged TTP of 6e12 months or >12 months was reported by 15% and 10% of these women, respectively. Average (SD 1.7) . About 5.5% of the pregnant women had a preterm birth (<37 weeks) and 1.2% of the women gave birth before 34 weeks. Birth weight was not available for approximately 1%. Fifteen per cent of the infants had a birth weight below 3000 g and 5% a low birth weight.
The univariate analyses in table 2 show that women having their second child or higher were consistently at lower risk for all three outcome measures. Older age was associated with prolonged TTP and less often decreased birth weight. A higher educational level showed strong trends with lower TTP, less preterm birth and higher birth weight. Compared to Dutch mothers, Surinamese and Dutch Antillean mothers more often had a preterm birth (7.1% vs 4.9%) and a child with reduced birth weight (36% vs 16%). Alcohol use was positively associated with the health outcomes but odds ratios became close to unity when alcohol use was at least four glasses per week. Women with paid employment during early pregnancy had reduced risk of prematurity and decreased birth weight.
The univariate associations of working conditions with fertility and pregnancy outcomes are described in table 3. Regular manual materials handling of loads of 5 kg or more was consistently associated with all outcomes with ORs varying between 0.43 and 0.74. Exposure to high physical work load, as characterised by lifting loads of 25 kg or more, long periods of walking or long periods of standing, was not associated with any of the health measures. The prevalence of self-reported exposure to chemicals was consistently higher than the exposure prevalences identified in the JEM. The agreement between self-reports and the JEM (lenient definition) was low with k values for pesticides, anaesthetic gases and cytostatics, heavy metals and solvents of 0.22 (95% CI 0.09 to 0.36), 0.25 (95% CI 0.17 to 0.34), 0.24 (95% CI 0.10 to 0.38) and 0.11 (95% CI 0.06 to 0.15), respectively. There were no associations between self-reported chemical exposure and health outcomes, although one association was of borderline statistical significance (industrial solvents OR 1.35). With respect to the JEM approach, odds ratios for a prolonged TTP were elevated for solvents (OR 1.96) and phthalates (OR 2.70). Exposure to pesticides also had an increased likelihood for decreased birth weight (OR 2.40).
In the multivariable logistic regression analyses, the effects of smoking and alcohol use were largely unchanged after adjustment for other determinants (table 4). Self-reported manual handling of loads of 5 kg or more remained associated with pregnancy outcomes but was no longer statistically significant for TTP. Maternal occupational exposure to pesticides was 
DISCUSSION
This population-based prospective birth cohort study showed that self-reported manual handling of loads of 5 kg or more was associated with a lower probability of preterm birth and with higher birth weight. Mothers in early pregnancy occupationally exposed according to the JEM to phthalates and pesticides showed an increased risk for delayed pregnancy and a newborn with decreased birth weight, respectively. The self-reported exposures to chemical agents had very low reliability when compared with JEM-based assessments. None of the selfassessments of chemical exposure was associated with any of the fertility and pregnancy outcomes. Age, education, parity, ethnicity, smoking and alcohol use were the factors that influenced fertility and pregnancy outcomes.
The strengths of this study are its population-based cohort approach with recruitment during the prenatal period and the availability of a large number of potential confounders. Since subjects were included from early pregnancy onwards and the information on occupation and potential confounders was collected during mid-pregnancy, information bias in risk factors can largely be ruled out.
A limitation of the study is the initial participation rate of 61% and the 77% response rate to the mid-pregnancy questionnaire. Selective participation was present with lower enrolment among women below age 25, women with lower education, and in minority groups. These selection patterns may have influenced the occurrence of (self-reported) exposure to chemicals in the workplace, since women with jobs requiring lower and intermediate skill levels reported higher prevalences of exposure to manual materials handling, industrial solvents and dry cleaning fluids, but lower prevalences for anaesthetics and cytostatics and ionising radiation. It is expected that the selective response in this study will not have biased the findings to a large extent, since exposure status was reported before pregnancy outcomes were available. In theory, differential misclassification could be present among mothers of parity two or higher, but the magnitude of the observed associations were largely unchanged when restricting the analysis to mothers of higher parity.
Another limitation of this population-based cohort study is the qualitative assessment of exposure to chemical agents, which was done either by means of self-reports in a questionnaire or by using a JEM. The observed k values between the Table 3 Univariate logistic regression analyses of the effects of maternal occupational exposure during pregnancy on time to pregnancy (>6 months), preterm birth (<37 weeks) and decreased birth weight (<3000 g) among women in a birth cohort study questionnaire and JEM for four groups of chemical agents were around 0.20, close to the previously published agreement between this questionnaire and actual measurement in urine samples. 23 Therefore, the reliability of the self-reported exposure to chemicals at the workplace in this survey was disappointingly low and will have resulted in a large misclassification. In community-based studies with a low prevalence of exposure, it is of critical concern to avoid classifying unexposed subjects as exposed and the low specificity of our assessment strategy will have resulted in a considerable attenuation of true associations between self-reported chemical exposure and reproductive effects. 30 31 It must be concluded that a questionnaire with a limited list of potential exposures to chemicals in the workplace as a single means of exposure assessment is not a suitable approach to characterise exposure in a community-based study. 23 32 The JEM approach resulted in several associations between maternal occupational exposure and fertility and pregnancy outcomes. The JEM was developed and successfully used in a study on occupational risk factors for hypospadias, with a focus on endocrine disrupting chemicals. 33 34 The interexpert agreement among the industrial hygienists developing the JEM was moderate for most substance categories (k around 0.36) but good for pesticides (k 0.77). This demonstrates that the JEM approach is also subject to misclassification and therefore cannot be regarded as the gold standard in this study. External validation with quantitative measurement of exposure in the workplace is advised. 18 Under the assumption of non-differential misclassification in the JEM scores, the presented odds ratios are attenuated to an unknown extent. 31 This population-based prospective birth cohort study showed that after adjustment for other risk factors, paid employment had no effect on pregnancy outcomes. Relatively healthy women are more likely to gain employment and remain employed. 35 Several studies have reported that women who are employed have a lower risk of preterm birth than women without paid employment, 36e38 but other studies could not corroborate this observation. 11 39 An alternative approach in the statistical analysis may be warranted whereby the risk factors for pregnancy outcomes are evaluated among economically active women and women without paid employment separately. Within the group of working women, the associations between occupational risk factors and pregnancy outcomes closely resembled the reported associations in the total study population, although the confidence intervals around the odds ratios became larger due to a smaller reference base in the analysis. Thus, the assumption that pregnant women without paid employment were non-exposed to occupational risk factors has not influenced the results to a large extent. Self-reported manual handling of loads of 5 kg or more was consistently associated with reduced TTP, less preterm birth, and higher birth weight (table 3) and these associations  remained largely unchanged when adjusted for other factors  (table 4 ). An explanation for this finding cannot be sought in differential misclassification of the exposure parameter. It may be hypothesised that jobs with handling of materials weighing 5 kg or more during a regular workday require a certain physical health and, thus, may be prone to the healthy worker effect with women with less good health not entering these jobs or moving to other, less strenuous jobs. Alternatively, the definition of lifting loads of 5 kg or more may not sufficiently capture high levels of physical load, such as regularly lifting loads of 25 kg or more. However, the latter factor was not associated with pregnancy outcomes. Recent reviews have presented contradictory findings and concluded that physically demanding work has at best only a moderate effect on preterm birth and SGA newborns. 5 6 The fact that manual handling of loads of 25 kg or more did not present a moderately increased odds ratio may be partly attributed to the low prevalence of this risk factor (1.6%) and subsequent lack of power in this study.
Mothers occupationally exposed to pesticides (n¼32) had an increased risk of prolonged TTP with an OR of 1.75 but a large 95% CI of 0.59 to 5.18. This illustrates the lack of power in this study to identify occupational risk factors with moderate effects on fertility and pregnancy outcomes, thus failing to corroborate previous findings. 40 Paternal exposure to monobutyl phthalate has been associated with altered semen quality 41 and there is substantial evidence that occupational exposure to several organic solvents affects semen quality. 42 These effects on male fertility may have contributed to subfertility among couples, as assessed by TTP in this study. 43 Occupational exposure to pesticides, as established by the JEM, was associated with a decreased birth weight (OR 2.42) and this association was not influenced by adjustment for other significant risk factors. Jurewicz and colleagues have described this association among greenhouse workers and estimated that exposure to pesticides reduced mean birth weight by about 70 g. 44 However, a recent study among Danish greenhouse workers failed to show any effect on birth weight. 45 The observed associations between maternal occupational exposure to phthalates and pesticides with TTP and reduced birth weight cannot be explained by recall bias, since exposure status was ascertained by the JEM, independently of knowledge on pregnancy outcomes. Since the exposure assessment was limited to the presence of exposure based on job title, no information was available on the frequency and duration of exposure in order to estimate the magnitude of exposure. In addition, the exposure assessment strategy does not allow identification of the role of specific phthalates or pesticides. Although the observed associations are based upon occupational exposure among pregnant women, a possible role of paternal exposure cannot be ruled out. Thus, the current study cannot establish with certainty whether the observed associations are due to maternal or paternal occupational exposure.
In summary, this population-based birth cohort study has presented evidence of health-based selection within paid jobs, as was illustrated by the positive effects of regularly handling of loads of 5 kg or more on fertility and pregnancy outcomes. Maternal occupational exposure to phthalates was associated with prolonged TTP (OR 2.16) and maternal occupational exposure to pesticides was associated with decreased birth weight (OR 2.42). The PAFs were small with an estimated contribution of phthalates to prolonged TTP of 0.7% and pesticides to decreased birth weight of 0.7%, primarily due to the very low occurrence of these occupational exposures in the study population.
